Christian Licht, Somsak Orankitjaroen, Panumart Sawangtong, Thibaut Weller. Dynamic and quasielectromagnetostatic evolution of a thermoelectromagnetoelastic body. Keywords: Thermoelectromagnetoelasticity Dynamic evolution, Quasi-electromagnetostatic evolution, Semi-group of linear operators, Nondimensionalization, Sensors, Actuators A standard technique of evolution equations in Hilbert spaces of possible states with finite energy supplies results of existence and uniqueness for the dynamic evolution of a thermoelectromagnetoelastic body and for its "quasi-electromagnetostatic approximation" whose relevance is established through a convergence result as a parameter, accounting for the ratio of the speed of elastic wave propagation to the celerity of the light, goes to zero.
Introduction
Recently, thermoelectromagnetoelastic materials have been artificially engineered for the design of smart structures as thermoelectromagnetoelastic actuators or sensors. So it is of interest to propose an efficient mathematical model for the transient response of a body made of such materials to a given loading. First we will consider the fully dynamic situation that couples transient thermoelastic equations with the Maxwell equations. Due to the large discrepancy between the speed of elastic wave propagation and the celerity of light, a "quasi-electromagnetostatic approximation" has been proposed (see [1] ) in order to practice computations. So, here, by using a technique of evolution equations in Hilbert spaces of possible states with finite energy, we intend to give results on the consistency of both models and on the relevance of the second one.
As we are mainly concerned with the status of the quasi-electromagnetostatic approximation, we directly consider the so-called non-dimensionalized equations (see [1, 2] for their derivation), which involves a small parameter δ, accounting for the ratio of the maximum of speed of elastic wave propagation to the celerity of the light, and reads as: represent the stress tensor, the 'thermoelectromagnetic induction', the velocity field, the displacement field, the temperature field, and the electromagnetic field (the couple composed of the electrical field and the magnetic field), respectively; while 
3 being the space of symmetric 3 × 3 matrices, represents the density and the thermal conductivity tensor, M is the Maxwell operator
with a in Lin(S
which satisfies:
where Lin(V 1 , V 2 ) denotes the space of linear mappings between any finite dimensional spaces V 1 and V 2 whose canonical euclidean norm and inner product are systematically denoted by | | and
In what follows, any element h of may be written as
, while C will denote various constant independent of δ that may vary from line to line.
Existence and uniqueness result for dynamic evolution problem (P δ )
Classically, we seek U δ in the form:
where U 
which are equipped with their usual norm.
For p in { 0, 1 }, we introduce the assumption (H dyn, p ):
and, taking p = 0 in (H dyn, p ), we will define U e dyn in (11) through the following result.
Proposition 2.1. There exists a unique solution ((u
we introduce the key lemma:
• ξ = γ
Proof. An obvious variational elimination of ξ in (7) yields that η has to solve variational equation (8b), which, by Lax Milgram lemma, has a unique solution. If ξ is defined by (8c), then (8b) implies (8d), so that ζ belongs to Z and solves (7). 2 
Clearly U e dyn belongs to C
Next, the Hilbert space H dyn is:
and is equipped with the inner product and norm:
while operator A δ is defined by:
and satisfies:
Proof. First the very definition of
does satisfy:
which, by Lax Milgram lemma, exists and is unique. So
and is solution to (15). 2
Thus, as (P δ ) is formally equivalent to
one has Theorem 2.1.
Theorem 2.1. Under the assumption (H dyn,0 ), and if U
r0 δ ∈ D( A δ ), then (P δ ) has a unique solution in C 1 ([0, T ]; H dyn ) with (v δ , θ δ , z δ ) in C 0 ([0, T ]; V × L 2 ( , M)).
The quasi-electromagnetostatic approximation

Existence and uniqueness result for quasi-electromagnetostatic evolution problem (P)
Computing a numerical approximation of the solution to (P δ ) may be difficult because the speed of propagation of elastic waves is rather lower than the light celerity, the parameter δ being of order 2 × 10 −5 for a BaTiO 3 -CoFe 2 O 4 composite with 0.6 volume fraction of barium titanate (see [1] ). Thus in [1] is introduced the so-called quasi-static evolution problem which consists in assuming that there exists an electromagnetic potential (ϕ, ψ) in H 1 ( ) × H 1 ( ) such that the electromagnetic field z = (E, H) reduces to (E, H) = (∇ϕ, ∇ψ). We also add an assumption on z k, j , more precisely let us introduce (H qst ):
Taking into account these assumptions in the equations associated with (P δ ) implies that the thermoelectromagne-
( ), has to solve the following problem (P): 
Second, for all = ( u , v , θ ) in H qst , the possible and unique U = (ū, v, θ ) such that U − AU = has to satisfy:
Hence (v, θ ) is determined in a unique way and
Eventually, as (P) is formally equivalent to
one has: 
electric induction E and magnetic induction H satisfy
thus, if the data of the problem is (Q E , Q M ), the density of electric and magnetic body charges, it is not necessary to introduce initial conditions (ϕ 0 , ψ 0 ), which then satisfy 
where div is the surface divergence operator. As (H qst )(ii) implies div j = 0 on H , div k = 0 on E , one has:
